At a Glance Commentary

Scientific knowledge on the Subject
Although non-communicable lung disease is thought to be an important determinant of morbidity and mortality in sub-Saharan Africa, valid burden of disease estimates are lacking.
What This Study Adds to the Field
We found that over 40% of the Malawian adults in our urban population-representative sample had abnormal lung function (mostly spirometric restriction) described using NHANES reference ranges in the context of widespread exposure to biomass smoke and high HIV prevalence.
Online data supplement
This article has an online data supplement, which is accessible from this issue's table of content online at www.atsjournals.org 5 and ever smoking were reported by 11.8%, 85.2% and 10.4% respectively. HIV prevalence was 24.2%. Moderate-severe airway obstruction was seen in 3.6%. The prevalence of spirometric restriction was 38.6% using NHANES reference ranges and 9.0% using local reference ranges. Age was positively associated with obstruction while low BMI was associated with restriction.
Conclusions
Over 40% of the Malawian adults in our urban population-representative sample had abnormal lung function (mostly restrictive) in the context of widespread exposure to biomass smoke and high HIV prevalence. These findings have potentially major pubic health implications for Malawi and the broader sSA region. Chronic respiratory diseases are the fourth leading cause of NCD deaths globally, and burden of disease estimates place chronic obstructive pulmonary disease (COPD) as the twelfth most common cause of years of life lost globally (3) . Despite the likely high global burden of chronic respiratory disease, there are limited data on its prevalence, natural history, and associated morbidity and mortality in LMICS (4) . Information on chronic respiratory disease in sub-Saharan Africa (sSA) is especially scarce (5) . Existing information suggests the burden in this setting may be high: the international Burden of Obstructive Lung Disease (BOLD) study (www.boldstudy.org) demonstrated a considerably higher prevalence of moderate to severe airway obstruction amongst adults ≥40-years in Cape Town, South Africa (19.1%) compared to that seen in Western Europe and North American settings (5.9-14.3%) (6) . A higher prevalence of chronic respiratory disease in sSA is biologically plausible based on the intersection of several acknowledged risk factors for respiratory pathology in these settings, including poverty-related in-utero and early childhood exposures, biomass fuel exposure, a rapidly increasing prevalence of smoking, lung damage caused by pulmonary TB, and chronic HIV-infection (1, (7) (8) (9) (10) (11) . In addition, an association between restrictive lung diseases or low respiratory volumes and mortality has been observed in ecological and prospective cohort studies (12) , (13) .
We report the results of a community-based prevalence study of respiratory disease conducted to BOLD study standards amongst adults ≥18 years in Blantyre, Malawi. The study includes information on respiratory symptoms, exposures, HIV status and spirometry. Our aim was to define the burden of respiratory symptoms and obstructive and restrictive lung disease in this setting, and to explore their risk factors.
METHODS
An age (18- (Figure 1 ).
Participant characteristics
Mean participant age was 41.9 years (SD 15.3), and 57.9% were male. Overall 37.4% were educated to primary school level only. Although 59.3% of participants were from households that owned their own home, only 25.1% had access to flush toilets and 46.6% had a private indoor or outdoor water supply (Table 2) . Eligible individuals who declined to participate in the study but provided minimal data were more likely to be male (56.3% vs. 43.7%) and current smokers (9.0% vs. 4.3%) than those contributing full data (Table E1 , Online data supplement).
Respiratory exposures
Smoking exposure was more frequently reported in men: 9.2% of men and 0.7% of women were current smokers; 12.8% of men and 1.3% of women were ex-smokers (Table 2 ). 80.9%
of those who had smoked reported <10 pack-years of exposure. Self-reported biomass exposure was more common than cigarette smoking: 85.2% reported use of a biomass fuel 3.2% (SE 1.0) of men and 3.9% (SE 1.0) of women had an FEV1 <80% predicted using the NHANES reference ranges, and 2.0% (SE 0.7) of men and 2.7% (SE 0.9) of women using local reference ranges ( Figure 3 , Table E4 of Online Data Supplement). Any obstruction and moderate-severe obstruction were seen in 2.9% (SE 0.9) and 2.6% (SE 0.9) of 18-39 year olds, and 9.0% (SE 1.4) and 7.0% (SE 1.2) of ≥40 year olds.
Spirometric restriction was more common than obstruction in both genders and across agegroup strata. The estimated prevalence was considerably higher when NHANES reference ranges were used (38.6%, SE 2.1) compared to locally derived reference ranges (9.0%, SE 1.2). Airway reversibility was present in 4.2% (0.8) of the cohort, but only 17.3% (SE 7.7) of those with reversibility had airway obstruction following bronchodilator.
Factors associated with respiratory symptoms
Ever smoking was positively associated with both cough and sputum production in bivariate analysis (Table E5 , Online Data Supplement), and in multivariable analysis the odds of usual cough were 2.37 higher in current vs. never smokers (95% CI 1.12-5.02) ( were identified in the multivariable model (Table 5, Table E9 in Online Data Supplement).
When spirometric restriction was defined using local reference ranges (Table E10 , Online Data Supplement), no clear trend in the relationship between age and restriction emerged.
The odds of restriction were higher if underweight (OR 2.80, 95% CI 1.19-6.55) in bivariate analysis only. In multivariable analysis, previous TB was associated with higher odds of restriction (OR 3.01, 95% CI 1.07-8.50).
DISCUSSION
We conducted a population based cross-sectional study of the prevalence of and risk factors for non-communicable respiratory disease conducted to BOLD standards amongst adults aged ≥18 years in Malawi. We found a high burden of chronic respiratory symptoms and abnormal spirometry in the population, with an especially high burden of spirometric restriction, and large differences in the estimated prevalence of restriction using NHANES and locally defined reference ranges.
Abnormal spirometry is defined in relation to age, height, and gender standardised predicted values. Two different reference ranges were used in this analysis: the NHANES reference range is drawn from a healthy Caucasian population in the US and is thought to represent the best possible lung function in the absence of any known detrimental respiratory exposures; the locally derived reference range reflects the spirometry of non-smoking symptom-free Malawian adults within this study. Whilst values may be ethnically more appropriate in the latter, they are also constrained by common exposures within in this setting (17) . The marked difference in the burden of restriction defined using NHANES (38.6%) vs. reference ranges determined from our study population (9.0%) suggests that on average, Malawian adults have smaller lungs than US Caucasian populations. This finding is consistent with previous studies that have demonstrated lower FVC ranges in populations from resource-poor settings (12) .
The cause of this difference is unclear. The role of ethnicity must be considered, as body frame differences related to ethnicity are known to effect lung function (18) .
However, it has been suggested that in-utero and early childhood exposures including suboptimal in-utero conditions, low birth weight, respiratory tract infections, and nutritional deficiencies can predict adult lung health and are more prevalent in resource poor settings (7, 19, 20) . Although the use of height standardised spirometry reference ranges here may have 'controlled' for stunting related to childhood nutritional deficits, a low BMI was strongly associated with NHANES defined spirometric restriction. This is consistent with an ongoing nutritional influence on FVC, and the finding of small lungs in adults may be explained by poor nutrition causing impaired lung growth at vulnerable stages of lung development. Interest in the link between acute and chronic malnutrition and long-term disability is growing (21) , and prospective studies into the effect of lung function in later life would fit well within this agenda.
The morbidity and mortality associated with the lower FVC we have identified in the Malawian setting remain poorly described. Spirometric restriction has been shown to be associated with increased mortality, even in the absence of respiratory symptoms and a diagnosis of respiratory disease, in both the US setting and ecological studies (12, 13) . The negative correlation seen between spirometric restriction and age here may represent a birth cohort effect, whereby the incidence of restriction is decreasing over time, but would also fit with earlier mortality amongst those with restriction. Prospective studies are required to investigate the prognostic implications of restriction in sSA settings, and to determine the public health implications of our findings.
Cough was the most common respiratory symptom reported by participants. The association with HIV raises the possibility that undiagnosed pulmonary tuberculosis may be responsible for part of this presentation (22) (23) (24) (25) (26) . However, cough was less prevalent amongst younger age groups in whom the TB incidence would be expected to be highest. In addition, the association of chronic cough with ever smoking and the strong association between sputum production and biomass smoke exposure also suggest that bronchial irritation from smoke inhalation with a degree of chronic bronchitis may underlie these symptoms. It is however of note that no association was seen between spirometric results and respiratory symptoms. Further investigation of the relationship between structural lung pathology, abnormal airway physiology, and respiratory symptoms in this setting is required.
No association was seen in our data between moderate-severe chronic airflow obstruction and exposure to tobacco or biomass, although both are recognised risk factors for obstruction (27) (28) (29) (30) . The absence of a relationship between biomass exposure and airway obstruction may be explained by limited study power given the low prevalence of moderate-severe obstruction (3.6%), or misclassification of selfreported rather than objectively quantified biomass exposure, but is consistent with findings of a recent population-based study in Nigeria (31, 32) . In the case of tobacco it may also reflect a low intensity of exposure in this setting, which is insufficient to produce significant levels of clinically important COPD: smoking prevalence was limited and pack-year exposure low. This is in contrast to the findings of the BOLD study conducted in Cape Town, South Africa where the prevalence of moderate to severe airway obstruction amongst adults ≥40 was much higher (19.1%) and where ever smoking was much more common (59% vs 16%) amongst those with COPD (5).
This illustrates important differences in the epidemiology of respiratory disease within sSA: the patterns of exposure and pathology in Cape Town, South Africa may be closer to those of a high income and more industrialized setting than those seen in Malawi and other low income countries across the region.
Increasing age was the only measured factor significantly associated with airflow obstruction in our study. The persistence of this association for moderately severe obstruction suggests that this is not simply the result of expected changes in the FEV1/FVC ratio seen with aging, but in fact constitutes abnormal pathology (33) .
Small sample size in the context of a low prevalence condition is likely partly responsible for the lack of other significant findings. We note with interest the nonstatistically significant positive association between peripheral blood eosinophil level and airflow obstruction that was not seen with restriction.
A major strength of our study is the inclusion of all adults from the age of 18 years and measurement of HIV-status. Spirometry was conducted to ATS standards, with careful quality control. The enumeration of the target population at the start of the study, followed by age and gender stratified sampling, allowed for population weighted prevalence estimates to be drawn and associations measured.
Limitations of this study include the challenges posed by working with a mobile urban population: it was not possible to locate over 25% of the initial random sample, and 9.6% had permanently left the area between enumeration and fieldworker home visits. In addition, only 71% of those who were included were able to complete adequate spirometry with fewer older individuals. As a result, we did not reach the target sample size of 600 adults over and 600 adults under 40-years of age with high quality spirometry. This reduced our power to detect significant associations in the exploratory analyses. The study was cross sectional in nature and whilst efforts were made to assess the impact of respiratory pathology on patients' lives using self-reported symptoms and health related quality of life, prospective data are required to determine the impact of respiratory pathology on morbidity and mortality over time. Measurement of total lung capacity, in addition to FVC, would allow us to better understand the nature and impact of the spirometric restriction seen here. Symptomatic individuals were not screened for pulmonary TB, and the proportion of abnormalities attributable to this more acute pathology are therefore unclear. In addition, the observational nature of this study means that correlations identified may not be causal in nature and could be explained by unidentified or unmeasured confounding factors. Lastly, our data are drawn from a single urban site study, making it difficult to identify strong risk factors for respiratory disease that are ubiquitous within the sample population. Ecological studies comparing data from diverse populations within sSA, and with Western cohorts will be required to explore these determinants. Comparable data from rural settings, and areas with different environmental/occupational exposures are required to determine the generalizability of our results.
The key finding of our study is a high burden of restrictive spirometry amongst Malawian adults, with a large difference in prevalence using NHANES and locally defined reference ranges. There is a clear and pressing need to better understand the aetiology, pathology, epidemiology and prognosis of pulmonary restriction in sub Saharan Africa to inform the development of prevention and management approaches for this condition. If, as has been seen elsewhere, pulmonary restriction in this setting is associated with increased mortality this will have major pubic health implications for Malawi and potentially the broader subSaharan Africa region. 
